A test was conducted to investigate if mother-infant social transmission plays a role in the acquisition of subterranean habits in the rodent Ctenomys talarum. Thirteen infants were reared by their mother in an experimental aboveground habitat that precluded burrow construction. At the age of natal dispersal, young were allowed to dig in the soil typically inhabited by the species. All experimental tuco-tucos engaged in burrowing activities after short latencies (51 s 6 35 SD). Aboveground excursions lasted a few seconds and covered short distances, and there were no significant differences between experimental and control wild tuco-tucos. The structure of the burrows constructed by experimental tuco-tucos did not substantially differ from those typical for the species. It is concluded that vertical social transmission is not essential for the development of subterranean habits in C. talarum. The results are discussed regarding growing evidence on social transmission and its alleged role during evolution.
Growing evidence suggests that several behaviors in higher vertebrates, such as diet and habitat preferences, food processing techniques, and vocal repertoires, are socially transmitted (Giraldeau 1997; Zentall and Galef 1988) . Evidence on social transmission mechanisms was found in vertebrate groups having different cognitive abilities, including pisces (Reader and Laland 2000) , marsupials (Griffin and Evans 2003) , rodents (Galef and Whiskin 2004) ; and cetaceans (Krützen et al. 2005) . Parents are a significant source of information from which juveniles may learn about food placement, potential predators, and territory boundaries. Box and Gibson (1999) stated that mothers are not only an outstanding referent in many species, but in some cases she is also the only skilled adult around during infant's development. This is particularly true for the rodent Ctenomys talarum, the Los Talas tuco-tuco, which has a polygynous mating system in which males never exert parental care (Zenuto et al. 2001) . C. talarum is a solitary subterranean rodent that spends most of its life belowground. Young spend nearly 2 months with the mother only, within a sealed burrow, which determines the species-typical early environmental conditions. Aggression between young and mother commences at 45-60 days after birth, leading to dispersal of the young and construction of their own burrows (Malizia et al. 1991; Zenuto et al. 2001) . In tuco-tucos, the probable social influence of mothers on being born within the burrow, which is a physical manifestation of the behavior of the mother, can per se influence the infant's behavior. Daily digging and foraging activities performed by the mother may influence infant's behavior, for example, through observational learning. These influences conceivably can be canceled out if an infant is reared by its mother in an experimental aboveground environment that forbids digging activities and burrow construction.
Subterranean rodents have been defined as those species that live in underground burrows and that conduct the vast majority of their life underground (Lacey et al. 2000) . The transition from surface dwelling to subterranean habits most likely represents a continuum of evolutionary specialization in physiological, morphological, and behavioral traits (Fernández et al. 2000; Nevo 1999 ). Some species of subterranean rodents (e.g. Nannospalax) are so specialized to the subterranean niche that aboveground activities are severely constrained. This is not the case for the tuco-tuco, which has relatively large eyes, and is able to perform scanning behaviors through the adoption of straight up postures. Further, species of tuco-tucos feed primarily on aerial plant parts, although they acquire the plants through short excursions from their burrows (Comparatore et al. 1995) . Similar to other species of subterranean rodents, C. talarum possesses characteristic anatomical adaptations in the skull and long bones associated with its very specialized niche (Mora et al. 2003; Vassallo 1998) . It is important to note that the genus Ctenomys belongs to the suborder Caviomorpha (¼South American hystricognath rodents), a group of rodents with relatively large brains (Eisenberg 1981) .
Evidence for social transmission focused principally on behaviors that represent a departure from the usual repertoire of the species, for example, the opening of milk bottles by British birds (Parus caeruleus -Reader 2003) . Nonetheless, it has been recently shown that standard (species-typical) behaviors may be socially learned (Box and Gibson 1999) . In explaining the effect of behavior on morphological evolution, in particular the high rate of anatomical diversification in birds and mammals, a seminal work by Wyles et al. (1983) advanced the idea that new behaviors, rapidly spreading by social transmission mechanisms, will accelerate anatomical evolution by increasing the rate at which anatomical mutants of potentially high fitness are exposed to selection in a new context. Here, I present the 1st experimental study of the influence of social transmission and early environmental conditions on the acquisition of subterranean habits in mammals, a behavior clearly linked to the evolution of distinctive anatomical adaptations (Stein 2000) . Hence, the present study constitutes a test of the early hypothesis of Wyles et al. (1983) . The main goal of the study was to evaluate the influence of the behavior of mothers on the acquisition of species-typical subterranean behavior in the rodent C. talarum. Hence, rather than focusing only on the acquisition of motor patterns (e.g., digging with forelimbs) it was assessed whether vertical social transmission plays a role in shaping some key behavioral traits associated with the specialized niche of this mammal. This includes predisposition to and the ability to dig a burrow; length, duration, and mode of aboveground foraging excursions, as indicators of the magnitude of aboveground activities; structure of the burrow; and rate of tunnel extension.
MATERIALS AND METHODS
A wild population of C. talarum inhabits the study site (described below). During July-September 2004, pregnant females were captured from the population using laboratory-made plastic tube traps (10 cm diameter, 40 cm length) set at burrow entrances. Six mothers and their litters, composed of 1-3 infants (13 infants in total, including 9 females and 4 males), were maintained in a natural, vegetated enclosure matching the aboveground habitat present in the study site (Mar de Cobo, 378459S, 578409W, Buenos Aires Province, Argentina) with predominance of natural grasses. All procedures followed guidelines of the American Society of Mammalogists for animal care and use (Animal Care and Use Committee 1998). All 13 young born during October-November 2004 and their mothers were released in the field within the range of the original population at the end of the study (February 2005) .
The aboveground 10-m 2 enclosure (3.3 Â 3.3 m; height of walls: 0.5 m) had 13-mm wire mesh as the floor, which was in close contact with the soil beneath it. Tuco-tucos were thus able to perform terrestrial locomotion and social interactions, but digging behavior and burrow construction were not possible because of the mesh floor. The enclosure was established in the field 1 year before the experiment, and vegetation grew through the mesh, so a dense native plant cover developed within. Tuco-tucos ate natural grasses and were additionally fed with corn, potatoes, and carrots that were provided ad libitum. Because infants younger than 10 days do not thermoregulate well (Zenuto et al. 2002) , rectangular wood boxes (50 Â 40 Â 20 cm) were provided for nest establishment. Mothers cared for their young, which thus reached typical body masses at a normal rate. Lactation lasts 7-10 days, with young feeding on just milk, with 30-40 more days of feeding on milk and vegetation.
Juveniles at approximately 2 months of age are solitary and aggressive, occupying their own burrow. In the present experiment, tuco-tucos were therefore tested for their ability to dig a burrow at 2 months of age. Tuco-tucos were identified using colored plastic bands around their necks and were tested in isolation from other individuals to prevent social interactions. Because it was not known if juveniles could dig a burrow after treatment, the behavior of each experimental tuco-tuco was observed 1st in natural, vegetated 13-mm wire-mesh enclosures of 1.5 m 2 (1.5 Â 1 m; height of walls: 0.5 m) containing the species-typical soil. The enclosure had a mesh floor 40 cm belowground to prevent the tuco-tucos from digging out. Rectangular wooden nest boxes (30 Â 20 Â 20 cm) were placed within the enclosures. After the tests (described below) were performed over a period of 48 h in these small enclosures, each tuco-tuco was recaptured and then released within a homogeneous patch of speciestypical habitat (of at least 1,000 m 2 ) that was free of other tuco-tucos, to allow analysis of the structure and the dynamics of burrow use.
The behavior of experimental tuco-tucos was compared to that of 12 free-living juvenile animals (9 females and 3 males from the same locality and date) that were tested out in the open. Experimental and control animals were observed from December 2004 to February 2005. Focal animal sampling (30 min) and scan sampling of individuals (Martin and Bateson 1993) , totaling nearly 90 h, were performed using a 16.5-50Â monocular zoom telescope. Observations were made every day or on alternate days during the morning (0900-1200 h) or afternoon (1400-1700 h). The following behaviors were observed and measured in experimental and control animals: 1) Propensity and ability to dig a burrow. 2) Time spent aboveground. 3) Distance traveled during aboveground excursions to collect plant parts. This was assessed immediately after a tuco-tuco was observed aboveground cutting and carrying food to a particular burrow opening. Harvested plants and footprints were used as references to estimate distance. 4) Duration of aboveground excursions. 5) Rate of extending burrows. To measure this, burrows were carefully checked every day or on alternate days; all burrow openings were marked with plastic flags. The distance to new, unmarked burrow openings with removed soil resulting from tunnel extension was measured on subsequent days.
During the last week of February the burrows constructed by the experimental tuco-tucos were mapped. Partial excavation of the burrows was required but was kept at a minimum to minimize disturbance of experimental tuco-tucos within (nests and some intermediate sections were preserved). Main tunnel, branches, and openings were mapped. The length of all tunnels in the entire system of each tuco-tuco was measured from the maps, and the total aboveground area, below which each burrow extended, was measured using the minimum convex polygon method. The degree of convolution was quantified by dividing the total length of tunnels in the burrow by its total aboveground area (Cameron et al. 1988) . Ten measures of tunnel diameter and depth were taken along each burrow, and averaged for each individual burrow system. The basic burrow units were measured as the distance between consecutive burrow openings surrounded by removed soil. All basic burrow units along each burrow were measured as the distance from one opening to the other (see Fig. 1 ), and averaged for each individual burrow system. The basic burrow unit represents the distance from which the excavated soil is being transported outside the tunnel during burrow extension; a burrow is made up by the addition of several basic burrow units (Antinuchi and Busch 1992).
Data on physical structure of the burrows were compared to those obtained for the same species, locality, and season by Antinuchi and Busch (1992) . Both study sites were comparable in terms of soil hardness and plant species composition. Variable means were compared using a t-test, or heteroscedastic t-test (Sokal and Rohlf 1981) when variances were heterogeneous. Values are given as mean 6 SD.
RESULTS
Within the aboveground enclosure, both adults and their young performed social interactions that included aggressive and territorial behaviors characteristic of the species (described in Zenuto et al. 2001) . When moved to the 1.5-m 2 field enclosures containing species-typical soil, all 13 of the 2-month-old experimental tuco-tucos engaged in digging activities after remarkably short latencies (51 6 35 s). Experimental tuco-tucos used their forelimbs to break the soil; successive extension and flexion of the forelimb loosened the soil, which accumulated under the animal. Periodically, the accumulated soil was moved behind the animal by simultaneous motion of the hind limbs.
After 2 days, all 13 experimental tuco-tucos had constructed burrows of variable size and shape. I found evidence (feces and food) of a transient occupation of the wooden boxes for 2 of the 13 tuco-tucos, but all animals were found inside their burrows when recaptured. Because of the small enclosure space (1.5 Â 1 m, with soil 40 cm deep) available for burrow construction, as compared to natural conditions, structure of the burrows was very simple, having only 1 or 2 branches. Nonetheless, burrows constructed by the tuco-tucos occupied nearly the entire 1.5-m 2 enclosure.
Experimental tuco-tucos were released in the field and allowed to construct burrows so I could analyze structure and the dynamics of burrow construction in natural conditions. After short exploratory behaviors, during which tuco-tucos moved aboveground a few meters (range 2-8 m) all animals began excavating a burrow. Five days after release, the burrows constructed by 12 of the original 13 experimental tuco-tucos had several branches and openings. The other tuco-tuco constructed a short (1.2-m), simple burrow, but by day 10 this individual had expanded the burrow, increasing its length and complexity. Burrows constructed by all 13 experimental tucotucos were regularly modified; new openings and removed soil appeared as a result of extending tunnels every day or every other day. I found no significant differences in rate of extending tunnels between experimental and control animals ( Table 1) .
Both groups of tuco-tucos were observed outside their burrows (Table 1) . Once they had dug burrows, tuco-tucos spent aboveground ,1% of the total time that they were observed in the field (Table 1) . Aboveground excursions relating to foraging behaviors lasted a few seconds, with no significant differences observed between control and experimental tuco-tucos (Table 1 ). The method tuco-tucos used to collect aerial portion of plants was similar in both groups; animals performed only short trips from burrow opening to the plants, and I detected no significant differences in length of these aboveground excursions (Table 1) . Tuco-tucos quickly separated and transported plant parts with their incisors through rapid backward locomotion. Handling or swallowing of plant parts was not observed aboveground.
The general structure of burrows constructed by the experimental tuco-tucos in this study resembles that described for the same species by Antinuchi and Busch (1992) . Experimental tuco-tucos were able to construct complex burrows, with several branches and openings (Fig. 1) . No significant differences were detected in attributes such as burrow total length, tunnel diameter and depth, and basic burrow unit length. However, there were significant differences between experimental tuco-tucos in this study and those observed by Antinuchi and Busch (1992) in number of branches (Table 2) .
DISCUSSION
The main finding of this study was that individuals of C. talarum reared by their mother in a vegetated enclosure matching a natural aboveground habitat were able to dig a complex burrow. Because all tuco-tucos developed digging abilities in the absence of both a burrowing demonstrator and an early subterranean environment (the natal burrow) the experiment clearly showed that social transmission is not essential for the development of a subterranean mode of life in C. talarum.
A key behavioral attribute of subterranean rodents such as tuco-tucos is that access to distant food sources is achieved only by extension of the galleries (Lacey et al. 2000) . Thus, regular modifications of the burrow and dynamics of burrow construction are 2 traits that characterize the acquisition of subterranean habits. I found that the burrows constructed by all 13 experimental tuco-tucos were regularly modified; new openings and removed soil appeared as a result of tunnel extension (Table 1) . Structure of these burrows (Fig. 1) did not substantially differ with respect to those described for C. talarum by Antinuchi and Busch (1992) . No significant difference was detected regarding length of basic burrow units (Table 2 ). This last attribute determines the distance from which the excavated soil is being transported outside the tunnel during burrow extension, and was related to the minimization of the energetic cost of digging in subterranean rodents (Vleck 1979) . I assume that experimental and control tuco-tucos used a similar construction technique during tunnel extension. No significant differences were detected between experimental and control tuco-tucos regarding key aboveground behaviors such as distance traveled to collect the aerial portion of plants and the total time spent outside the burrow. Aboveground foraging techniques (cutting, handling, and transporting plant parts) did not differ between the 2 sets of tuco-tucos. In summary, it was clear that, in spite of the fact that experimental tuco-tucos were reared in aboveground conditions, they showed no appreciable differences in the magnitude of aboveground activities.
Burrowing for refuge, food storage, nursing infants, or a combination of these are widespread among mammals (Nowak 1999) . In 5 rodent families (Geomyidae, Muridae, Ctenomyidae, Octodontidae, and Bathyergidae), subterranean habits independently evolved as a further specialization of generalized digging behavior, in close association with the emergence of open environments during mid-to-late Cenozoic cycles of increasing aridity (Nevo 1999) . It has been proposed that organisms not only adapt to changing environments but in part they also construct them, rather than passively occupying a vacant niche (Odling-Smee et al. 1996) . This is particularly evident for subterranean rodents, such as tuco-tucos, which strongly influence their surrounding environment and create particular physiological and evolutionary conditions that result in further adaptation. It is important to determine if social transmission or innate factors play a role during the speciestypical process of niche construction, particularly in higher vertebrates. Previous laboratory and field studies have shown that locale-specific, behavioral variants or innovations such as pinecone opening in Rattus rattus (Aisner and Terkel 1992), vocal traditions (Freeberg et al. 1999) , and foraging techniques in birds (Lefebvre 1995; Reader et al. 2002) and apes (Chauvin and Berma 2004) are in several instances socially transmitted. However, few studies have focused on social transmission of standard behaviors of species, particularly those behaviors linked to the evolution of distinctive anatomical adaptations. This is crucial to understand the possible autocatalysis among behavioral innovation, social transmission, and anatomical evolution in higher vertebrates, as proposed by Wyles et al. (1983) and others (e.g., Laland 1992 and references therein). ) 1 2 9 6 3 2 2 86 6 Degree of convolution 12 1.6 6 0.3 22 2 6 0.7
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